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[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

This invention deals with a solid or liquid fertilizer containing hydrolyzed keratin proteins 
10 (henceforth referred to as hydrolyzed keratin proteins) and a manufacturing process 
thereof. More specifically, this invention deals with a fertilizer containing hydrolyzed 
keratin proteins having a-keratose as the main component and a manufacturing process 
thereof. 

15 [0002] 

[Conventional Technology] 

Agricultural chemicals and chemical fertilizers are frequently used in modern farming to 
reduce the damages caused by pests and to realize an increased crop yield. An 
undesirable effect of this practice is destruction of a biological system that includes 

20 microbiological materials (henceforth referred to as soil-born microorganisms) residing in 
soil. The number of soil-born microorganisms in soil that played an important role in 
organic material decomposition and water retention declined, and the fertile soil fostered 
by conventional organic farming methods became rare. A concern for environmental 
protection heightened recently, and a need for fertilizers to activate soil-born 

25 microorganism functions became important. The use of organic fertilizers containing 
soil-born microorganisms on a soil deficient in soil-born microorganisms was proposed. 
For example, cattle ranches and poultry farms found utility values in a compost prepared 
by burying keratin protein sources such as sheep wool and chicken feathers that have 
no commercial value in soil and allowing them to ferment using soil-born 

30 microorganisms. Keratin has poor water absorbance when untreated and does not 
blend well with soil. In addition, keratin is decomposed slowly by microorganisms. 
Therefore, it lacks value as a fertilizer. In order to alleviate this problem, farms that used 
keratin as a fertilizer procured a seed compost containing microorganisms capable of 
fermenting keratin and used the seed compost to create a soil suited for growing plants. 
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[0003] 

Keratin is microbially decomposed with difficulty, and a long time is needed to compost 
it. In addition, a keratin fermentation process generates an odor. Soil-born 
5 microorganisms capable of decomposing sheep wool and chicken feathers are almost 
nonexistent in ordinary fields, and buried sheep wool and chicken feathers often 
remained unfermented in the ground. In order to overcome these problems, a method to 
obtain an amino acid type composite liquid fertilizer was proposed. [(Laid Open) 
Japanese Patent Report Sho 50-29339] The fertilizer was obtained by heating a natural 

10 protein in phosphoric acid or a mineral acid such as hydrochloric acid, sulfuric acid, and 
nitric acid containing phosphoric acid to hydrolyze it, neutralizing the decomposition 
products obtained using a reaction with urea, adjusting the pH, and subsequently adding 
polyacrylamide or a partially saponified material thereof to the pH adjusted reaction 
product. The hydrolysis products obtained using this method were water-soluble. Many 

15 of the hydrolyzed proteins were not the high molecular weight protein such as keratin 
and were low molecular weight amino acids. 

[0004] 

[Problems for the Invention to Solve] 

20 A fertilizer containing these low molecular weight amino acids readily dissolved in water 
without any further treatment. Therefore, polyacrylamide or a partially saponified 
material thereof had to be added to the hydrolysis products pH of which was adjusted in 
the final step in order to prevent the fertilizer from being washed away by rainwater. The 
addition step added an extra step to the process. Furthermore, this fertilizer had an odor 

25 problem, and polyacrylamide or a partially saponified material thereof inconveniently 
remained undecomposed in the soil after its application. Many of the solid or liquid 
chemical fertilizers currently on the market contain low molecular weight salts that are 
directly absorbed from plant roots. These fertilizers tend to be washed away by 
rainwater and are not very effective in multiplying soil-born microorganisms. The 

30 fertilizer design in modern farming focused on how to have a fertilizer be absorbed 
directly into plants and accelerate growth efficiently and was not focused on how to 
create a fertile soil having a well-balanced microorganism community. Both methods 
resulted in acceleration of plant growth, but improved water retention in soil and soil-born 
microorganism propagation were not their main concerns. A re-evaluation of organic 



3 



farming methods resulted in utilization of traditional organic fertilizers such as fermented 
chicken excrement and seed oil cakes. However, the odor problem made the 
application impractical particularly in farms located near residential areas and at home. 

[0005] 

The objectives of this invention are to present a fertilizer having excellent water retention 
and capable of accelerate plant growth by utilizing an interaction with soil-born 
microorganism activation and to present an easy and efficient manufacturing process 
thereof. Another objective of this invention is to present a fertilizer that does not 
generate an odor and does not leave a residue upon application and subsequent 
decomposition in soil. 

[0006] 

[Means to Solve the Problems] 

The invention described in claim (1) of this invention is a fertilizer manufacturing process 
that includes a hydrolysis step in which a keratin starting material and a peracetic acid 
solution are mixed and heated for three to 48 hours at 0-60°C to hydrolyze the keratin, a 
step in which an aqueous alkali solution is added to this aqueous hydrolysis solution to 
dissolve the keratin proteins that are hydrolysis products, a step in which a solution of 
this keratin proteins is subjected to a solid liquid separation, a step in which an acid is 
added to the aqueous solution obtained by this solid liquid separation to obtain a 
precipitate, and a step in which the aqueous solution containing this precipitate is 
subjected to a solid liquid separation to obtain a fertilizer consisting of hydrolyzed keratin 
proteins composed mainly of a-keratose solids. The invention in claim (2) of this 
invention concerns claim (1) and is a manufacturing process in which an aqueous alkali 
solution added to the aqueous hydrolysis solution is an aqueous potassium hydroxide 
solution and the acid added to the aqueous solution obtained using a solid liquid 
separation is phosphoric acid. The invention described in claim (3) of this invention 
concerns the invention of claim (1) or (2) and is a manufacturing process to prepare a 
fertilizer by adding and mixing 500-2,700% by weight glacial acetic acid and 100-1,500% 
by weight of aqueous hydrogen peroxide having a concentration of 30% by weight to 
100% by weight of a keratin starting material in the hydrolysis step. The invention 
described in claim (4) of this invention concerns a solid or liquid fertilizer manufactured 
using the process described in any one of claim (1) through (3) containing hydrolyzed 



keratin proteins having as a main component a-keratose with an average molecular 
weight of 10,000-40,000. 

[0007] 

5 The manufacturing process of this invention allows keratin to be hydrolyzed into pieces 
having relatively high molecular weights of about 10,000 to 40,000 using a peracetic acid 
solution synthesized from glacial acetic acid and an aqueous hydrogen peroxide without 
creating amino acids having low molecular weight as traditional processes did when 
converting water insoluble keratin into a water soluble form. The hydrolyzed keratin 
10 proteins were dissolved in an aqueous alkali solution, and this aqueous hydrolysis 
solution was subjected to a solid liquid separation. An acid was added to the aqueous 
solution obtained by this solid liquid separation to adjust the pH to four or less to yield a 
precipitate. Solids containing hydrolyzed keratin proteins main component of which was 
a-keratose were obtained by a solid liquid separation of the aqueous hydrolysis solution 

15 containing this precipitate. At this point, effect of the fertilizer was enhanced by the 
presence of phosphoric acid and potassium in the solids containing hydrolyzed keratin 
proteins when an aqueous potassium hydroxide solution was used as the aqueous alkali 
solution and phosphoric acid was used as the acid. These hydrolyzed keratin proteins 
were soluble in aqueous alkali or neutral solutions but were insoluble in aqueous acidic 

20 solutions. Therefore, the acidic water present in soil was absorbed by the fertilizer when 
this fertilizer was applied to the soil that generally has an acidic pH, and water retention 
of the soil improved. In addition, the fertilizer was not washed out by rainwater once the 
water becomes acidic upon contact with the soil even when the rainwater soaked the soil 
upon raining. As a result, soil-born microorganisms were protected from drying. In 

25 addition, the growth environment of the soil-born microorganisms was maintained well 
and the function was synergistically activated. cc-Keratose, a main component in the 
fertilizer of this invention, was gradually fermented and decomposed to supply the amino 
acids and ammoniacal nitrogen necessary for plant growth and the vitamins formed by 
microorganism fermentation metabolism. The moisture retention effect of a soil was 

30 further stabilized by the polysaccharides formed by the microorganisms as metabolic 
products through activation of soil-born microorganisms. The soil is enriched by this 
type of material recycling cycles to accelerate plant growth, blossoms blooming, and fruit 
bearing. 
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[0008] 

The invention described in claim (5) of this invention concerns the invention in claim (4) 
and is a solid or liquid fertilizer prepared by mixing either or both of phosphoric acid 
fertilizer and potassium fertilizer to the hydrolyzed keratin proteins. This procedure can 
5 improve the decomposition activity of microorganisms in the soil after a fertilizer 

application. The invention described in claim (6) of this invention concerns the invention 
in claim (4) or (5). The invention described in claim (6) of this invention concerns the 
invention in claim (4) or (5) and is a solid fertilizer prepared by mixing one or at least two 
of biodegradable fibers selected from a group comprising rice bran, saw dust, plant 
10 fibers, paper, cotton dust, wool lint, vegetable fibers, fruit fibers, coffee extract, and tea 
extract in order to hydrolyzed keratin proteins. This treatment makes hydrolyzed keratin 
proteins easy to mold and improves aeration. 

[0009] 

15 The average molecular weight of the hydrolyzed keratin proteins eventually needs to be 
between 10,000 and 40,000 since the fertilizer of this invention have water retaining 
properties and ferments soil-born microorganisms. The fertilizer tended to be washed 
away and water retention was poor when the average molecular weight was less than 
10,000. The water retention tended toJmprove when the molecular increased. The 

20 solubility in aqueous alkaline and neutral solutions declined and fermentation of soil-born 
microorganisms became more difficult when the molecular weight exceeded 40,000. 
Therefore, a preferred molecular weight is 30,000 or less. 

[0010] 

25 [Execution Mode of the Invention] 

This invention is explained in detail below. The keratin starting material used in this 
invention is not limited as long as keratin is present as a main component. For example, 
human hair, animal furs such as sheep and alpaca furs, bird feathers such as those of 
hybrid ducks and chicken, and livestock hoofs of cow and horses can be mentioned. Of 

30 these, sheep wool is preferred for its availability. a-Keratose was previously obtained 
from keratin using a hydrolysis process involving a powerful reaction system containing 
a mineral acid such as hydrochloric acid, sulfuric acid, and nitric acid or a reduction 
process using a reducing agent such as thiol compounds and sulfides. However, the 
former process tended to produce fertilizers having low molecular weights and the latter 
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process had a high production cost problem making them both unreasonable. A 
hydrolysis process involving a gentle reaction system using a peracetic acid oxidation 
agent was selected for this invention. 

5 [0011] 

In a process of this invention, a keratin starting material was hydrolyzed using peracetic 
acid to form hydrolyzed keratin protein molecules having a molecular weight between 
10,000 and 40,000. Peracetic acid used as the oxidation agent was prepared by mixing 
glacial acetic acid and aqueous hydrogen peroxide. Glacial acetic acid and aqueous 

10 hydrogen peroxide having a concentration of 30% by weight were mixed in 5:5 to 9:1 
ratio. A solution obtained by mixing 8:2 to 9:1 of glacial acetic acid and a 30% aqueous 
hydrogen peroxide solution was preferably used so that the molecular weight was not 
suddenly lowered. The cystine bond in keratin was opened and the peptide chain was 
severed to decompose keratin into segments having suitable molecular weights by either 

15 adding a keratin starting material mentioned above to this peracetic acid solution after 
the starting material was thoroughly washed and degreased or by pouring a peracetic 
acid solution to the keratin starting material that had been thoroughly washed and 
degreased. A bath ratio of peracetic acid solution to a keratin starting material of 30:1 to 
10:1 was appropriate. The solution temperature at which keratin is hydrolyzed was 0- 

20 60°C, and the hydrolysis time was three to 48 hours. A preferred solution temperature 
was 40-60°C, and a preferred hydrolysis time at this temperature was two to five hours. 
Using this process, keratin was decomposed into molecules having molecular weights of 
10,000 to 40,000. The temperature should not exceed 60°C too much in order to avoid 
a sudden reaction. Hydrolyzed keratin proteins having desired molecular weights were 

25 obtained in the manner described above. 

[0012] 

The hydrolyzed keratin proteins obtained in this manner were subjected to a treatment 
described below to obtain a fertilizer. That is, a 0.2-0.4M aqueous alkali solution such as 
30 ammonia water and aqueous potassium hydroxide solution was added to the aqueous 
hydrolysis solution, and pH of the solution was adjusted to about eight to ten to dissolve 
hydrolyzed keratin proteins. The solution of keratin proteins obtained was subjected to a 
solid liquid separation using filtration or centrifuging, and the solution was recovered. An 
aqueous solution of a mineral acid such as hydrochloric acid, sulfuric acid, and nitric acid 
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or phosphoric acid having a concentration of one to five molar was added to adjust the 
pH to less than four. This operation allowed a-keratose to separate out and precipitate. 
The precipitate was separated using filtration or centrifuging, and the solid fraction 
consisted of a fertilizer (henceforth referred to as a-keratose fertilizer) containing 
hydrolyzed keratin proteins containing a-keratose as a major component. This a- 
keratose fertilizer had an average molecular weight of 10,000-40,000. This fertilizer was 
preferably further washed using dilute mineral acid such as hydrochloric acid, sulfuric 
acid, and nitric acid in order to remove odor even more. 

[0013] 

The excess moisture in the a-keratose fertilizer was removed by applying pressure, the 
fertilizer was formed into granules, pellets, or thin long rods using a granulator or a 
molding device and dried using a fluid bed dryer to obtain a solid fertilizer. The excess 
moisture was removed from the a-keratose fertilizer, and the fertilizer mixed with other 
fertilizers using a mixer. The mixture was similarly formed into granules, pellets, or thin 
long rods to obtain a dry fertilizer when a a-keratose fertilizer was mixed with either or 
both other fertilizers (for example, nitrogen, phosphoric acid, potash, and vitamins) and 
the biodegradable fibers described above. The soil aeration was good when 
biodegradable fibers were added. The amount added was preferably 50% by weight or 
less per 100% by weight of the a-keratose fertilizer from which excess moisture had 
been removed. The restriction was instituted in order to prevent the final product losing 
the shape when formed into granules or molded into shapes. A a-keratose fertilizer was 
dissolved in ten to 50 fold excess of pure water, and the aqueous solution was 
neutralized using aqueous alkali solution such as ammonia water and aqueous 
potassium hydroxide. The neutralized solution was used without further treatment as a 
liquid fertilizer. When other fertilizers, for example, nitrogen, phosphoric acid, potash, 
and vitamins were added, the liquid fertilizer was mixed with other liquid fertilizers 
containing these ingredients. When a preservative was added, the concentration was 
preferably limited to a level that did not interfere with the growth of soil-born 
microorganisms. When a preservative was not added, a liquid fertilizer was preferably 
heated to pasteurize or sterilize it. 



8 



[0014] 

A ct-keratose fertilizer is an organic nitrogen fertilizer that contains nitrogen and supplies 
nitrogen to the soil when applied. This a-keratose fertilizer can be used individually. 
However, a better plant growth was realized when about 0-40% by weight of either 

5 phosphoric acid fertilizer or potassium fertilizer or both was added to 1 00% by weight of 
the a-keratose fertilizer. A higher proportion of phosphoric acid fertilizer is added to a a- 
keratose fertilizer for fruits, and the addition makes fruits larger and sweeter. A fertilizer 
of this invention prepared in this manner is applied to the soil without any further 
treatment. The fertilizer gradually blends into the soil when moistened with water, and 

10 the effect mentioned above is realized. The effect is magnified when the fertilizer is 
blended with fibrous materials such as sawdust specifically mentioned above and other 
fertilizers. This fertilizer can be used on poor soil such as red clay containing very little 
soil-born microorganisms. In this case, addition of soil-born microorganisms to the 
fertilizer is good. When the fertilizer is used in flooded paddy cultivation, microbial 

15 balance in the flooded paddy cultivation fluid plays an important role. Activation of 
microorganisms, for example, desulfurization bacteria, photosynthesis bacteria and 
actinomyces that assist in plant root metabolic activities through aeration is important. 
Hydrolyzed keratin proteins eventually form ammonia through gradual decomposition by 
the microorganisms mentioned above. Through this process, the hydrolyzed keratin 

20 proteins provide a nitrogen source necessary for plant growth and simultaneously adjust 
pH and inhibit propagation of mildew associated with spoilage. 

[0015] 
[Examples] 

25 Next, examples of this invention are explained in detail, but they do not limit the technical 
scope of this invention. 

<Working Example 1> 

Glacial acetic acid and aqueous hydrogen peroxide (concentration 30% by weight) were 
30 mixed in a ratio by weight of three to seven to prepare two kilograms of peracetic acid 
solution. One hundred grams of thoroughly washed and degreased sheep wool was 
added to this peracetic acid solution, and the keratin in the sheep wool was hydrolyzed 
upon agitation for 24 hours at room temperature. Next, sheep wool was removed from 
this hydrolysis solution, washed with water and added to two kilograms of 0.3M 
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ammonia water to adjust its pH to at least nine. The sheep wool was allowed to dissolve 
at room temperature over two to three hours. This solution contained a residue, but the 
solution was agitated to finely divide the residue as much as possible. Sulfuric acid was 
added to the hydrolysis solution of this keratin protein to adjust the pH to four. The 
5 flocks that precipitated as a result of this pH adjustment was filtered using a filter cloth. 
The precipitate was pressed to remove water and was formed into thin long rods having 
a diameter of 1-2 mm and about 5 mm long using a granulation device. The rods were 
dried in a dryer at 50°C to obtain a a-keratose fertilizer containing about 10% moisture. 

10 [0016] 

<Working Example 2> 

Other fertilizers and biodegradable fibrous materials were added in the proportions (% 
by weight) shown below to the a-keratose fertilizer obtained in Working Example 1 , and 
the mixture was mixed to create a uniform mixture. Fifty percent by weight of well water 
15 was added to 100% by weight of this mixture and were thoroughly kneaded. The 

formulation was formed into granules and dried as described in Working Example 1 to 
obtain a mixed fertilizer of the same shape and size. 



a-Keratose 45% 

20 Cotton dust 40% 

Phosphoric acid fertilizer 1 0% 
Potash fertilizer 5% 

Water soluble manganese 0.001 % 

Water soluble bittern 0.05% 

25 Water soluble boron 0.005% 



This mixed fertilizer was composed of well-blended a-keratose fertilizer and cotton dust 
and maintained shapes better than the a-keratose fertilizer of Working Example 1. The 
fertilizer did not break up into small pieces during shipping. In addition, the fibrous 
30 material (cotton dust) added improved air permeation of the soil after fertilizer application 
and caused a greater propagation in soil-born microorganisms than did the fertilizer 
obtained in Working Example 1. Furthermore, the phosphoric acid fertilizer, potash 
fertilizer, and manganese added to the a-keratose fertilizer activated the soil-born 
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microorganism activities more than the fertilizer of Working Example 1 and 
simultaneously activated fermentation decomposition of the cotton dust. 

[0017] 

5 Comparative Test> 

(a) Comparing Water Retention and Soil-born Microorganism Propagation Status. 
Soil A was prepared by mixing 50 g of the a-keratose fertilizer obtained in Working 
Example 1 with 900 g of dried field dirt and 50 g of sawdust. For comparison Soil B was 
prepared by mixing 950 g of the same field dirt mentioned above that does not contain 

10 any a-keratose fertilizer and 50 g of sawdust. Soil A and Soil B were placed in separate 
buckets, and 500 g of well water was sprinkled on both. The soil samples were mixed to 
distribute moisture as uniformly as possible. The samples were placed in an incubator 
maintained at 30°C, and the temperature was maintained for two weeks. Soil A and Soil 
B were removed from the incubator, and their water retention and soil-born 

15 microorganism counts were compared. The method described below was used to 

evaluate water retention ratio. Soil A and Soil B were dried by placing it in an 80°C oven 
for five hours prior to placing them in an incubator. The amount of water, a 1( present in 
the soil was calculated using the weight difference before and after drying. Next, Soil A 
and Soil B were dried in an 80°C oven for five hours after they were kept in an incubator 
• 20 for two weeks. The amount of water, a 2 , contained in the soil was calculated from the 
weight difference before and after drying. Water retention ratio was calculated using 
these amounts of water, a^ and a 2l and an equation, (a 2 fa^) x 100 (%). The soil-born 
microbe concentration was calculated using the method described next. First, a soil was 
diluted using physiological saline, and a set amount of the liquid was sampled. The 

25 liquid was applied to an ordinary agar agar medium on the market, and the number of 
microorganisms grown was counted. A microorganism concentration was calculated 
using the dilution ratio. The results are shown in Table 1. 

[0018] 
30 [Table 1] 





Soil A 


Soil B 


Water retention ratio 

Water retention ratio (two weeks later) 

Soil microorganisms (per gram) 


100% 
40% 
5 x 10 12 counts 


100% 
15% 
2 x 10 6 counts 
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[0019] 

As clearly indicated by the results reported in Table 1 , Soil A containing a a-keratose 
fertilizer exhibited much better water retention capability than did Soil B containing no a- 
keratose fertilizer. In addition, soil-born microorganisms propagated much more actively 
in Soil A than they did in Soil B. An observation worthy of particular attention was the 
fact that the presence of actinomyces often observed in fertile soil and abundant 
propagation of microorganisms responsible for production of polysaccharides, water 
retaining components, were confirmed in Soil A. On the other hand, abundance of mold 
was observed in Soil B. 

[0020] 

(b) Comparison of Soil-born Microorganism Activation Status. 

Twenty grams of well water was placed in Flask C, and 1 g of the a-keratose fertilizer 
obtained in Working Example 1 'and 1 g of field dirt were added and uniformly mixed. 
For comparison, 20 g of the same well water was placed in a separate Flask D, and 1 g 
of sheep wool composed of keratin was added and mixed well. Flask C and Flask D 
were shaken for a week at 30°C. After one week, the interior of Flask C and Flask D 
was examined. Flask D still contained lumps of sheep wool. One gram of the solutions 
in Flask C and Flask D was sampled and was diluted by an appropriate factor using 
physiological saline. The number of microorganisms present in 100 \i\ was measured by 
allowing a colony to form on an ordinary agar agar medium available on the market. The 
results confirmed the presence of 20,000 to 30,000 counts of microorganisms in Flask D, 
but the presence of 200 million to 300 million counts of microorganisms was confirmed in 
Flask C where a-keratose fertilizer was contained. The results indicated that keratin 
hydrolysis enhanced activation of the soil-born microorganisms by a factor of 10,000. 

[0021] 

(c) Comparison of Plant Growth Acceleration Effect. 

Commercially available bell flower, Benjamin, and campanula seedlings were purchased 
and were divided into two portions. The divided seedlings were planted in Bed E and 
Bed F. One spoonful (about 1 g) of the a-keratose fertilizer obtained in Working 
Example 1 was added to the roots of individual seedlings planted in Bed E. Nothing was 
added to the seedlings planted in Bed F. Both Beds E and F were placed in a sunny 
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location and were allowed to grow for two months with occasional watering. The 
cultivation results are shown in Table 2 through Table 4. 



[0022] 
5 [Table 2] 
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[0025] 

As clearly indicated by the results reported in Tables 2-4, growth of the seedlings in Bed 
E where a a-keratose fertilizer was added was much better than that of the seedlings in 
Bed F where no fertilizer was added. All flower seedlings in Bed E had larger leaves, 
5 more leaves, more flower buds, and better root structure. Individual seedlings in Bed E 
clearly had healthier roots and more fine roots. The inference was that the a-keratose 
fertilizer added to Bed E greatly enhanced plant growth. 

[0026] 

10 [Effect of the Invention] 

As stated above, hydrolyzed keratin proteins containing a-keratose as main component 
can be manufactured readily and efficiently using a manufacturing process of this 
invention. In addition, a a-keratose fertilizer prepared using this process can multiply 
soil-born microorganisms and activate their metabolic capability to decompose. As a 

15 result, the fertilizer enriches soil and induces good root development in plants resulting 
in a dramatically accelerate plant growth. In addition, the a-keratose fertilizer does not 
generate an odor and can not only play a role of simple fertilizer but also function as a 
water retention agent in soil. Therefore, it has advantages. For example, it protects soil- 
born microorganisms and plant environment from drying and decomposes in soil upon 

20 application and does not remain in the soil. 
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*0~6 0'C"C3~4 8m$m®LX>r7*yi}M& 

i» 10 

am t l x ft ixm t *tsumwKum. 
[iit#«2] Mc^«*^{casjjn-rir;i/*y*?§ 

m. 

m^m 3 ] m?kftMi.&<»mtir ? ? >im 1 o o 

«S%{C*fb-C*^K5 0 0~2. 7 0 0M%£rgK 

3 o as%©»K{b*gt* i o o ~ i . 50 omm% t 20 

cfcOISj&^tlfc^^g^l 0. 0 0 0~4 0. 0 0 

»xb# ') mn<D^-rtifrxwxi;$:M& ox* its* 
tt5iaig©@#tfc©iiE*4. 

[&W©tfcNB&Sign 
[000 1] 

USlT. *D7j<^»?^7 3 1 >5f>>'^^ 
£(,>5) £$tf@ftt^*ffitK©jei4&a^©Sij©;£& 40 
HKi*L<Ba--5r5 h if* 

iS£aca8-rs4>©-c*s. 

[0002] 

[fi£*©S^] fHI^I#lOT4£JBr4«ftHil;tt. 
^«<&*>6©&g£il&J>;*t!\ im<DWMt§MZmiL 

tcP>Uc *^©a**±«©fiWcte{c**<SF5t, 



ma. ^pmm^mmmmmxit. m&tzi-,* 
<,>3^a©^tgst i-©>r ^ ^> a» i"*?m*±m<<cm 

lb. Cti*±®mL®lcJ:t)&BZi*:Z>Cttc£-,xM 

mtbxommmm^^mox^tc. *-5*>b-£© 

* > *&BX £ S a*«J4^tf ffliffiE^Bif m L X I » X . 

[0003] bfrb. *7*>Be&£$k:#8S$txK:< 

tctbiatz < oBHOtftafr •) . -e©#S8$§gK:*$(,>riS 
SC £&£'©»■£#* #il©*ffl 
tCfcl>TB£€^l®©3«<!:*#/B!-Ct *±«tt£*» 

tmtA,t'&&it-r. mz.im% j i>m<Dimzmit>x& 

^Xi>ftfrtj;&3tBil:?<£±$l£m~iX^Z>J:>)ti:<r-- 

zb£>*g.t>titc. cn6©.^5fc^-rs/c*cc. U 

k. mm. mtm>im%mi.*ximoxm*.»KL. 
nhtiicftm&im*mmtKfcz#xtymi,x ph* 

x«-e©gi5^ft^?rie^L-t:T 5 ^^ftis^ra 

*ff *#&WM6«HvCl>* (WmS'O - 2 9 3 3 

9) . coimx^tiiim^mmmiitTiim^xnb 

*5*>©J: 5 &»#?«©* >v<*ftc&< t teftl- 
fi©7 5 ^KS©fc©-c*S. 
[0004] 

[^d^Oi^iT-SBSjli] COfi^fOTi^ 
lt^©K^«C©S*-C«7j<K:jgW^r^ft:S!) t C©^ 

rv^Fx»*©»»ifcfi**B*i/ft»*i«ft6-r. 
a»4Mb«H*tti!ift©±»*-c»j»«r. 

^*J*»o/c. *fc3S«Eifi»3tiri»4Hft«i»ttiS{*© 
fb^»4©^<«. »©1S^6it«»iR3n-5ffi^T 

iiStii i/^-r < . *fc±«aafe«©ftw(cfe«»*«^3&c 
r <j . »£«j><7 > x© infciE^ /c±«*«isw ^ 
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ffi^©£££{EitT*C<t £«&**>©©. ±8©fil* 

*&©©. ■e©s*©fcA{c#(cjfi<{ctt^*j*sMJft 

[0005] #Sggj©BWtt. fibktttc&ft. ±ta®£ 

^^©^©Btttt. JW*J8£-ttr. 10 

<!:CC&*. 
[0006] 

[«W*IBi«-*fc«>©*«] *m©IHftl Ktt& 
6 0 *Cr 3 - 4 8 ^MM 0 X T v 9 >£M*ftM? * 

JDArifc|Rtt4f9*Ig&. C©ttM5£^t?*?g$£ 
@WlftmuX®Bft<Da->r7 Y-X*3E.i8.ftt?Z>tS& 

tfJES©«Jt*ffiT* *8!B©lll*a 2 Kft-SIPJ 

x, m&ftmbtc>kmmt l ciiaz.z>m& <j >mx$>*>mu 
©««#&?**. *&w<Dimm3mzwmt> m 
*mixitzic%z>&wx$>r>x> m*ftmiM(omtf 

*rv?>m.m OOfiS%«:^Or*SK5 0 0~2. 

i o omm%tmg.3 om.m%<Dm8Litfc.mfc \ oo~ 
1. 50 oms%tzmm&Lxmmt\z>'m<D®. 
m-fimx$>z. *«w©i^ii4cc^s^w« > mm. 

1 3 t»rti*»«c«**tttc J: 9R»Stifcjp«&» 
-?-fi#10. 000-40. 0 0 0©a--!r7 

Xtt*R©eH"C**. 

[0007] *m<DWtmva % *tc*?gte-c** 

tcr 5 sm<ovimi l c&xfrt&*^$ < -a-rtc. fttts? 
tMmt7km*ttzj:vGmhzM8mmxir7?> 

£10. 0 0 0-40. 000 gg©Jfc$Sfl<JiiJU*H-fi 

*»£7JU#';7j<&?rc?g]SU C©Al*ftj)McgjK£ 
Bttdlltt/fctft. C<D®WLftffib-tc*.mLK®.*MlLX 

p h*4 tmcisissf * c tK.&y)&mitfimhite>. 

n^tsmmmm <=>tx*. c©£t. 7;i/*y*»«. 
tbximni*<)<5i>jmwL*mi.\ mtbxvy®* 50 
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tt'J >8«>* #£W$ti*/c©tCfEf4£ LX<Dmt:ifi 

i$<&*. c©Jiw<^y7^>^>>'^a«7^*'; 

«*$-?**. S£r>TC©JE8£^ttfcpH#sK£-C 

tt«ci»K3hafc«>. ±«©G!*tt#fl±-r-5. Sfcft 
iP#tcm*ai±«fcrtj§u-c#T*> 1 ±«<!:jgMl,T® 
tt* i. ft o fcit*fcie*4{;tjgSStf T. Hi5*4BW*{c J: 0 

*. *»W©e**£liS$M> a - 4r 9 h tt±8#-Ct& 
f 5 >«:^(C^&-r * c £ tcfc *. $/c±tJJ8&£©# 
©. C©<fc^^»®^^i;;b^-c±)««flE^{C^ 
[0008] *?M©tt$]!5 (Cffi£ft9i«. M#B4 

*t>©a*fe»©»»iSHt*jis®*ci*ir.*ft. 
©I&#«6 tc&*&i8«, BI*3I4Xtt5 (cffs»wr 

JR. ttRMUt. IK. MM. €Sa a Dja€)S. lfa?©iS0* 
^©iRO*^. 3-t-©Jfltt*xRc/^©aa 

[0009] *«w©e»3ftifflWctt**ri/*»-3±«8ffi 

^*St©¥$tfHf-Sttl 0. 0 0 0-40. 000©® 
Hrt(C*^ci*i£.Sf *5. 1 0. 0 0 0*«-C«JS 

©^^s*«t*n-rsiitccs*i43SJ±^s«ifij«c* 

40 S. -^7. »T-fi*54 0. OOO^S^'Si. 7JU*>; 

ooerFe**c&*j*y*u>. 

[0 0 10] 

is-rtiw:. A€. 7^<*jai*©W€-?». 7-r^ 

*-¥>S^i'fC^3n*m«©^. **>»&£©*« 
©»*f*Jfl*»f^*i*. C©*-C4)¥€*5Mf4<!:l/tA 
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*fc©KB. g£3fc<fcljm KH. fi?&^©a£®£ffl(,> 
fc^StSlg©Sn*^a^> - ;Hb£$*>8S< b&© J: 

[oon] xmoumvit, str*? 

io. ooo-4o, ooo©#^s-y--rx io 

tZ,Ct(£j:*)mM2tiZ. *©8H£B*»K:igg3 
0ftffl%©jg^b|<S*^5 : 5-9 : lKg£l/fcfc' 
©£<&Bf*. «FS 0 < tt*»&a*JHBT*fl*&l> 
<fc 9 KT * tctbimm : iSK 3 0 SOXCD jlRf b4cX4c 
£8 : 2-9 : 1 KS£0fci§?8t£fflt,>S. C©j§fiti8 

CiKiO. *l>ttfi<«5»l/*-3|BIILfc±IBy5f- 
>JR»Kiliffl«K*ttALril<attWSC4«:J:»)*- 20 
7 f >© V X * >t££tf0eSi 0 *»-x ^ F tttfgWr 3 

nr. * ? *^tm^tt frf-mv 4 xtcftrnzhz. & 

SHKKi*9?>JBt»©SJtB3 0 : 1 - 1 0 : l#a 
^r#>£>„ 4 r 5^>*ttl*^JB3-&4fcJ6©jjBaB0-v. 
6 0-CC*-5T. *n*^H$[fflB3-4 8^Fra-C*S. 
$f£ U»?fcSB4 0-6 0'C-CC©£$©£f£U>ft];>k 
»JW^WB2~5«fWC*4. CtlKJ:»)^5?>Bl 
0. 0 0 0-4 0. 0 0 0©^tf^X«:»«?S<i 

£. Sf&irts/cw^SKit&Ji^fcj&ccfce 0'C£ 

**<jtt*.&l>t29tfj:<,>. C©J:^Kl/TBlf||©^ 30 
[0012] C©«fc5Kl,Tf# htltclM&mvrZs 

TOK-rsfc«i>K^©SKi*ttf*>ns. 

Jra*#8$*®?£K0. 2-0. 4M©7>*-7 

*^b* i ;-i'A*?§^©j;^^r;i'*V7k^^as 

ftDL. -?-©$f£©pH£8-l omBLKLTMfcft&'r 

iK<£y^©$$g|5#£|e]JKU t©7fcf§j£K:i-5M 
©ft», iiW©aW'J>®£mT*S$© 40 
pH£4ferFKf£. CtlKJcO a--Jr5 h-xat&rffl 

brtti0-rs©r. cottwft^^axBa^fiKj: 

0H^gSl/T@^©Q — Jr 7 h-^^i^i-TS 
BfWttJllO, 000-40. 0 0 0tNfe.5. 
[0 0 1 3] Btttt©BH£fES(Ctt. a-«h^ 
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(ramie j: o set*;. ^ u 9 b asogttK l . 
f^im^ffSo ^^s?tt©*5«s«i»is^r* 

i. ±*8©ilflt$#fi<&5. C©£*©g£aBJt& 
^XBfiS^B${cff^s|3tiAj:^ J: 5 (c. SSf J&*#£Bfe£ 
Ltca-tr? b-*mm 0 0SS%K^t"C5 OfiS 
KtlT*«*?*tA>. «tt©l!W«:fl5S«cB. b 
-^W4* 10-50 fSfi©^*^^^ L/ . C ©*£$ 
£7>*-7*. Tk&fb* y ">A*jS^©TJU* y* 

MttttKU, *©****B»4Lrffll»*. fib 
©JH2I4. fflABOX. y>BS. *y. bT*S>l?£if|£ 
tStBnlctt, tft£#fig£$ftfcflk©$f«i|4£S£ 

tf&t-Vlgi U l»JBffl£ffiflnL&C>»£KB®ttflE& 

[0014] a-Tv b-zmmzmmz^mb. mm 

K«fcg±Jg|Kg3R*{ft&* *««gJRge&T'**. C© 
a-^7 h-XiE*4?:*arffll^r^J:t>L. Al>By 
>KI!f4XB*yilE^©^-rnA^B^^a-dr7 h 

-^Kl4i ooss%K»or-en^no-4 0fia% 

HSSa^-r?»i, 1t^©^W^m^J:0ffiS^ o fcfflK 
Wa -^7 h-^i!E?4K^or y >MBft©aS2lDSf£€ 
^<U. »SfflKB*yjE»©*ftI»&**<-J-*. * 

^+^K^#<. *o-B-^.?rlf-rci*i-C*-5>. C© 

j:9«:i/r^^hte*»H©iE»B. %®**±mm 

ffi^n. 7k-CS6'tf€./'<:WC^<r{C±cf3{c^ > J;fe<D 

©■^(iiJ©Ef4 tm£L tcm&c «*©J»» 6 fifluT s . 
»K C©JB»%*±i5c t±«j»*«*JiJ>ft < ; *-ttA:± 
«Kffll>4*I^Ktt. ±«S^I&£i!A£-efc]lEf4<!:ig 

f £ TfcBfiilg® < 5 > X JiiSgncatJ?: T 

toy. aatctoMitti. ^mm^ifmsmua 

>*-T*^Stl. ffi«J©4WK^S3SSJR®t<cS 
il§|ll#KpH«:SSfi!l/. ^KM^-r-2»7k*^i'©if 

[00 15] 

n6tt*»M©fiaBW«B*|R£1-Sfe©-Ctt«ct». 
<«»W l >%?mmfot trikftSt : ja^b7k^* 

(i§g3 0fifi%) 5rttfil:b-C3 : 7Kig^0/ciBftK 
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£*£lOOgAft. imbt£lfihW-%<D>r ; 7 : f-ls*W. 

sr 2 4 ®ifflm.ftm sate, x^vc <omfoftim.fr 

fbm%f:mmL. *rffi&Lfc*t(C2kg©0. 3M 

-c2^3mr3MiTm%z®&$i£tt. c ©»£«:« 

»OTH*U mife-cmm 1~2 mm. S3 5mmg 

a©«fflS(,^tt«cL/t^ v 5 o v<Dmm<pv-£?m i 

[0 0 16] <3WW2>«fcmr»6tifca-*9 
h-XJB*4(C*©i!l£ (Mfi%) -Cf6©JEI4SO'^^ 

«. C<D®^51 0 0fig%{C^Lf#F**5 OSS. 
a-trvY-Z 45% 

40 % 

'j >®m® io % 

*^ttV>*-> 0.001% 
*^tt^± 0.05 % 

0.005 % 

ftft < < . ratttt £'k*bi*> < sun s c <t # fc. 
$fcSif^*?#tojiiSi» (mm) tc£*)nim<D±m<D 



C0017] <ifc»KR> 
. tttc*ffl©±90 0g£*>3WS5 0 g(C^Ur±8HA5r 

io t»±fa£i5ji;jtffl©±9 5 0g£te^B5 0g<t*ii^b 
r±aiB^fflgufc <) ±®Asc/±JHB?r-?-n-? , n7 , 7 
x9 v *ww:Ati, a*tc#F*5 o o g^^.o a> 

Ch^^SO-CKigSOfc^lPgfCAn. ■€•©$£ 2il 
TOiSWci, ±«A±±«B*jWWBjO»6K9UU 

^{CcfcO«*$T*fi!>/c„ iterwsiWK:Aft4W©±* 

A. B£8 0'C<D*-7><,CZtl?tl5mfflAtlX&,)% 

20 fia a £f£. 'Al,>-CW50SK:Aiir2iira^iat/cfI 
©±«A. B5:8 0'C©^-7->«:^n^n5^An 
ffettu ^frf^©Sflil*>6c*a?:±JiJ4i«:^$iT, 
Zfoft&a.ttZ. Chf.©*Ma 1 SO ! a,*>?), 
( ai / ai ) xioO(%)©^J:0*Wc. 2 

*J«MS*»A 5 C £ (C i 9 . #?R{g$rt><E>ltg±©8&£ 

ixfc. c n &©&#&& i jos-*-. 

30 [0018] 

[an 





± m a 


± a b 




100 % 
40 % 
5X10"$ 


100 % 
15 % 
2X10*$ 



[00 1 9] %.\frh*Rhfrtj:£*)K.^ a -T=7 h-X 
E»**tfdt«Attcn*S*tt(,»±«BKtt^rfiMc 

&±a-r*<M£3f-i4jRfaB*. 

b-c«*^*j^< tt^sn/t. 

( 0 0 2 0 ] (b) ±flWRa«fl[)ffittffcttiJi©ttK 
77X3CK#F*2 0g£8&U ^CCcjlififdi r 
a --!r-7 h-^JBWl g£*ffl©±l g££Atl 

ty—tcm&Ltc. Jtt^ofcft. «ij©7 7^3D{ciic# 
p*2 0g£8&u -ecfc^^r&s^i g£ 

Atl-C£<j»#Lfc. 77X3Ci77^3D*30'C 50 
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*ti4ta4«0»4miR©«fll*^Sfl!Li:r30r.-* 
^fiS§i*SC£{Cj:0ilJ3it/c. -e©*3Jil. ?7^3D 
-C«2-3^iI©^W5Sg!3n/c©{C^L-C. o- 
•5 r 7 h-XK^©A-3fc7-7XnCr«2~3Hfi©® 

( o o 2 1 ] ( C ) mii$&ifmic*hr*im<Dtm 
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h-XB»*»aiUft:0*EOffi©4»K»tt. C©K 
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